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. . . Former classification
Grade Signs and symptoms Severity Fluid replacement and therapy (reference)
I dizziness, streaming perspiration, syncope, Usually no need for admission heat syncope
muscle pain, muscle cramp Oral fluid intake and rest heat cramp
II headache, exhaustion, nausea, vomiting, Need for hospitalization to take heat exhaustion
abdominal pain, diarrhea, confusion, intravenous fluid replacement
no abnormality in blood test except for creati- and observation
nine kinase
il any of three clinical dysfunctions below Need for intensive care against heatstroke
(1) central nervous system cardiac, hepatic, renal and
coma, seizure, cerebellar sign haematological dysfunctions
(2) renal and hepatic function
elevation of ALT, AST, BUN and creatinine
(3) haematological system
diagnosis of disseminated intravascular
coagulation
Fig. 1. New classification for heat-related illness *.
ALT: alanine aminotransferase, AST: asparate aminotransferase, BUN: blood urea nitrogen
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Table 1. Clinical characteristics of heatstroke patients with neurological sequelae.

Sequelae group

Control group

(n=22) (n=286) p Value
No. of male/female 13:9 213:72 (unknown 1) 0.176
Age (years) 62.6x17.1 55.4+23.3 0.060
Consciousness on arrival, total score of GCS 5.8+4.4 99+45 0.001
Systolic blood pressure on arrival (mmHg) 116.7+32.1 124.8+£31.0 0.502
Pulse rate on arrival (/min) 126.9+25.8 119.9+30.7 0.207
Body temperature on arrival ("C)* 403+1.6 39.2+1.8 0.004
pH, arterial blood gas 7.409+0.124 7.416+0.126 0.894
Base excess, arterial blood gas* -6.4£53 -2.8+6.1 0.006

Values are mean + SD.
GCS: Glasgow coma scale

720 MRtV 7 b Microsoft #1: Excel & SPSS #1: SPSS %
AL, 2HEOAEEEIZDOWTIE X Y%, Mann-
Whitney U-test & IV THRET L, p<0.05 Z fat 20912
BEE LT, $7-REBIOERLFIIBIT 55X
FUME & e hEx O LEE (%) HDVIETY
fE+FREE R A TEIR L7z,

#w R

STUDY 2006 T {3 66 fifi i% 7> 5 528 #i i, STUDY
2008 TIE82iax 2> H913FEBI D 7 — & HNE S 7z,
HR A R 2 E 1X, STUDY 2006 Tl 7641 (1.3%),
STUDY 2008 TiZ 1561 (1.6%) 2BV Tk, i
FEONFIZEHE L7205 &D T, ik TRy
RABEE 2 T &3 5 EmRIMEE R R &2 156, W
BEEefl, AMIGER2%, KFEE1BEITH Y, 1FITHE
WIREETH - 726

FRRFR R PR B E 2 42 U 7 EBI O F 5 FEIC BT 5
B E FAE L 22 B R 21 BIAS I E BV AECTH 1)
LBl BDPTEEFRETH o720 —F, i dEEL
L2 EOFEEENFMETH Y, HBiBER A
L 7=9EBIIE, STUDY 2006 @ 528 il 605 (11.4%),
STUDY 2008 913 5 #1226 51 (24.7%) D Ft286%
THh-o7,

AR R R AE & R U728 (DU, Boltfie ) |
BEMER AR UREERICIERTETDH > 72
i (DUT, olERE) 0BT 28408 Liz13:9,
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Table 2. Preexisting medical conditions of heatstroke pa-
tients with neurological sequelae.

Sequelae group  Control group

(n=22) (n=286)
No. of patients (%)
Diabetes mellitus 3(13.6) 22 (7.7)
Hypertension 2(9.1) 30 (10.5)
Dementia 2(9.1) 18 (6.3)
Psychiatric disease 14.5) 30 (10.5)
Cerebrovascular disease 1(4.5) 18 (6.3)
Heat-related illness 14.5) 72.4)
Alcohol abuse 1(4.5) 4(1.4)
Mental retardation 1(4.5) 2(0.7)
Heart disease 0 14 (4.9)
Parkinson disease 0 4(14)

213:72 (AB1) ThH Y, 2HMICHEZRET %L
(p=0.176), 4EWIZ DV TIE, & % 62.6+17.17%,
5544233 5% & PR ERE CHEMDTE WEEIZA S
5 DDHEAEIIARS N D572 (p=0.060) (Table
Do BB 2 HBEBOMHEIZOVTD,
DHHICTHBEENH S 27 b DIE % 20> 72 (Table 2) .

e BElRE O 7k L XV %% Glasgow coma scale (DL
GCS) &t 3 mOEFNL, AERERT106] (52.6%),
xFHRHECT 421 (15.9%) Td o 720 GCSHEFHILE 4
58445, 99£450TH Y, 2HMICHEEN A
b7z (p=0.001),

s e I o HMILE A% 90mmHg PL T O e Bl 1 % 4 561
(27.7%), 3761 (13.6%) T& V), FiiE#E CIiE
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Table 3. Shifts in the consciousness level of heatstroke patients with neurological sequelae.

JCS at the emergency room

JCS at the scene 0 1-digit code 2-digit code 3-digit code total
0 1 0 0 0
1-digit code 0 2 0 0 2
2-digit code 0 0 0 0
3-digit code 0 0 0 11 11
total 1 2 0 11 14

JCS: Japan coma scale

Table 4. Shifts in the consciousness level of heatstroke patients without neurological sequelae (control group).

JCS at the emergency room

JCS at the scene 0 1-digit code 2-digit code 3-digit code total
0 23 T4 3 0 | 30
1-digit code 13 40 5 1 59
2-digit code 2 11 20 5 | 38
3-digit code 2 9 3 63 T 77
total 40 64 31 69 204
[——  improve (40 cases) | deteriorate (18 cases)

JCS: Japan coma scale

Table 5. The interval of cooling for heatstroke patients with neurological sequelae.

Sequelae group Control group p Value
Interval of time from arrival to the start of cooling (min) 11.1+£17.7 7.7+13.4 0.534
Cooling time in hospital (min.) 108.3+93.5 67.2+85.0 0.010
Values are mean + SD.
DIRT %% CROAS, ez LT 5 & HEE (Table 1) o

ZA SNz (p=0.502) 0 BRIAEAY 120/ 55 DL E
THoHEFNIZOWTSH, K4 136 (61.9%), 135
Bl (49.3%) & HRBGERCHIIRE % < R0,
EICHEEZTIALN R o7z (p=0.207). FPBek:D
IR DWW TUE, BREAERE T 40 B DL L OFEFIAT 14
Bl (66.7%), FI39403+1.65, —JixtBHEE TlL40
FELL EAS 11561 (40.8%), 3939218 TH D),
HEEZROI (p=0.004) (Table 1),

ORI A A 5T OFES Tld, 2BEM O pH IZA =
FIIASN D 57208 (p=0.894), Base excess (X%
EIEREIZ BV T-6.4+53mmol/l, XfFREET-2.8+6.1
mmol/l T V), 28 IZHEZEZ D72 (p=0.006)
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T ke L 72N B W TR EZED AR 57z (p=0.534,
p=0.010) (Table5),
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ABSTRACT

Sequelae in the central nervous system secondary to heat-related illness:
an analysis of the Heatstroke STUDY 2006 and Heatstroke STUDY 2008

Shunsuke Nakamura ', Yasufumi Miyake "%, Kenji Dohi ', Kenichiro Fukuda'
Kotaro Tanaka*, Kentaro Morikawa ', Tohru Aruga -?

! Department of Emergency and Critical Care Medicine, Showa University of Medicine
? Heatstroke Surveillance Committee of Japanese Association for Acute Medicine
? Department of Emergency and Critical Care Medicine, Kanto Rosai Hospital

Background: Although some case reports have previously demonstrated the neurological sequelae of heatstroke, the
clinical findings associated with its pathogenesis have not yet been fully investigated.

Objective: To examine the risk factors for central nervous system damage secondary to heatstroke.

Methods: This study analyzed the medical data of patients with neurological sequelae of heatstroke that were ex-
tracted from the Heatstroke STUDY 2006 and Heatstroke STUDY 2008, which were carried out by the Heatstroke
Surveillance Committee of the Japanese Association for Acute Medicine. We compared these data with those of pa-
tients without neurological sequelae (control group), and their severity of heatstroke was categorized as Class I,
except for fatal cases.

Results: Twenty-two of 1,441 cases (1.5%) with heat-related illnesses manifested sequelae in the central nervous
system. These findings included cognitive impairment (15 cases), swallowing disturbance (6 cases), cerebellar ataxia
(2 cases), aphasia (1 case) and vegetative state (1 case). The mean age and male-female ratio of patients with seque-
lae of heatstroke was 62.6 years, and 13 to 9, respectively, while those of the 286 patients in a control group was
55.4 years, and 213 to 72 (unknown 1), respectively. The clinical findings on arrival at the hospital, showed that a
decrease in systolic arterial blood pressure (90 mmHg or less) and tachycardia (120 beats/minute or more) were ob-
served more frequently in the patients with sequelae than those in a control group, but a comparison of the observed
values showed no significant difference between the groups. On the other hand, significant differences were ob-
served in the total scores on the Glasgow coma scale (GCS), body temperature, the value of base excess (BE) in ar-
terial blood gas on arrival, and the cooling time from start to attaining 38 °C in the hospital (p=0.001, p=0.004,
p=0.006, p=0.010, respectively).

Conclusion: Heatstroke patients presenting with severe disturbance of consciousness on arrival at the hospital, high-
er body temperature or low BE values were more likely to experience sequelae in the central nervous system, and
they were treated for a longer cooling time to achieve the target temperature. It is important to provide aggressive
cooling, intensive care and neuroprotective therapy as soon as possible, in order to avoid the neurological sequelae
of heatstroke.

(JJAAM. 2011; 22: 312-8)

Keywords: cognitive impairment, swallowing disturbance, cooling
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